The cytoplasmic domains of phospholamban and phospholemman associate with phospholipid membrane surfaces.
Phospholamban (PLB) and phospholemman (PLM, also called FXYD1) are small transmembrane proteins that interact with P-type ATPases and regulate ion transport in cardiac cells and other tissues. This work has investigated the hypothesis that the cytoplasmic domains of PLB and PLM, when not interacting with their regulatory targets, are stabilized through associations with the surface of the phospholipid membrane. Peptides representing the 35 C-terminal cytoplasmic residues of PLM (PLM(37-72)), the 23 N-terminal cytoplasmic residues of PLB (PLB(1-23)), and the same sequence phosphorylated at Ser-16 (P-PLB(1-23)) were synthesized to examine their interactions with model membranes composed of zwitterionic phosphatidylcholine (PC) lipids alone or in admixture with anionic phosphatidylglycerol (PG) lipids. Wide-line 2H NMR spectra of PC/PG membranes, with PC deuterated in the choline moiety, indicated that all three peptides interacted with the membrane surface and perturbed the orientation of the choline headgroups. Fluorescence and 31P magic-angle spinning (MAS) NMR measurements indicated that PLB(1-23) and P-PLB(1-23) had a higher affinity for PC/PG membranes, which carry an overall negative surface charge, than for PC membranes, which have no net surface charge. The 31P MAS NMR spectra of the PC/PG membranes in the presence of PLM(37-72), PLB(1-23), and P-PLB(1-23) indicated that all three peptides induced clustering of the lipids into PC-enriched and PG-enriched regions. These findings support the theory that the cytoplasmic domains of PLB and PLM are stabilized by interacting with lipid headgroups at the membrane surface, and it is speculated that such interactions may modulate the functional properties of biological membranes.